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precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an internal combustion engine's exhaust gas 
recirculation, and relates to the temperature control technique of the EGR gas which is a recirculating 
gas in detail. 
[0002] 

[A related background technique] Harmful matter, such as nitrogen oxides (NOx), is contained in the 
exhaust gas generally discharged by the internal combustion engine (engine) carried in the car, and 
especially about NOx, it is easy to generate, so that combustion temperature is an elevated temperature. 
Then, that this NOx should be reduced, a part of exhaust gas is made to flow back to an inhalation-of-air 
path as a recirculating gas, i.e., EGR gas, it introduces into a combustion chamber with new mind, and 
the possible exhaust gas recirculation (EGR equipment) of making combustion slow by this and 
stopping combustion temperature low is developed and put in practical use. 

[0003] Moreover, recently, an EGR gas condensator is infixed in an EGR path, cooling water is led to 
this EGR gas condensator, and while raising a consistency by cooling EGR gas beforehand by this 
cooling water, the equipment constituted so that combustion temperature might be reduced further is 
developed. And generally with such equipment, engine cooling water is used as cooling water. 
[0004] 

[Problem(s) to be Solved by the Invention] In however, the case of the equipment of a configuration of 
using for cooling of EGR gas the cooling water of an engine which was mentioned above Since the 
temperature of cooling water is that from which it changes according to engine operational status, and 
exhaust gas temperature changes according to this similarly, The temperature of EGR gas is influenced 
by the temperature of these cooling water, and the temperature of exhaust gas, and there is a problem 
that it is stabilized and reducing generating of NOx cannot be continued only by making engine cooling 
water flow back. 

[0005] Moreover, when the temperature of the EGR gas introduced into the EGR path is high and there 
are many amounts, there is a possibility that the heating value which engine cooling water takes from 
EGR gas may increase, engine refrigeration capacity may decline, and an engine may overheat. 
Furthermore, when the temperature of the EGR gas introduced into the EGR path is low and there are 
few amounts, EGR gas is supercooled with engine cooling water, the moisture in EGR gas condenses by 
this, it becomes waterdrop, and the sulfur component (SOx) in EGR gas melts into this, for example, it 
becomes a sulfuric acid, and the problem of making the wall of an EGR path corrode also has this 
sulfuric acid. 

[0006] The place which it was made in order that this invention might solve such a trouble, and is made 
into the purpose is to be able to cool EGR gas appropriately using an internal combustion engine's 
cooling water, and offer collectively the exhaust gas recirculation which can prevent aggravation of an 
internal combustion engine's refrigeration capacity, and the supercooling of EGR gas. 
[0007] 
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[Means for Solving the Problem] According to invention of claim 1, in order to attain the above- 
mentioned purpose, an internal combustion engine's cooling water is circulated by the cooling water 
path to the EGR gas condensator formed in the EGR path made [ a combustion chamber ] to carry out 
recycling by making a part of exhaust gas from an internal combustion engine into EGR gas, an EGR 
control valve is prepared in an EGR path, and the cooling water control valve is prepared in the cooling 
water path. And the temperature of the cooling water which the temperature of the EGR gas before EGR 
gas condensator passage is detected by the 1st EGR gas temperature detection means, and the 
temperature of the EGR gas after EGR gas condensator passage is detected by the 2nd EGR gas 
temperature detection means, and **** from an EGR gas condensator to an internal combustion engine 
with a circulating-water-temperature detection means is detected, and the opening of the above- 
mentioned cooling water control valve is suitably controlled based on such detection information. 
[0008] Therefore, according to the temperature of the EGR gas before and behind EGR gas condensator 
passage, and the temperature of the cooling water which **** from an EGR gas condensator to an 
internal combustion engine, cooling of EGR gas is enabled appropriately, generating of NOx is 
stabilized, and it is stopped low. Moreover, the opening of a cooling water control valve is controlled by 
invention of claim 2 towards the default value to which a ratio with the temperature gradient of the 
cooling water detected by the temperature gradient of the EGR gas before and behind the EGR gas 
condensator passage detected by the 1st and 2nd EGR gas temperature detection means, respectively, the 
EGR gas before the EGR gas condensator passage detected by the 1 st EGR gas temperature detection 
means, and the circulating-water-temperature detection means, i.e., temperature efficiency, was 
beforehand set possible [ reduction ] good in NOx. 

[0009] Therefore, recycling of the EGR gas will be cooled and carried out to the suitable temperature for 
NOx reduction, irrespective of an internal combustion engine's operational status, generating of NOx is 
always stabilized by it and it is stopped low. Moreover, in invention of claim 3, when the temperature of 
the cooling water detected by the circulating-water-temperature detection means is size from the 1st 
predetermined value, while a cooling water control valve is made into the maximum opening, an EGR 
control valve is made into a clausilium condition, and when the temperature of the EGR gas after EGR 
gas condensator passage is smallness from the 2nd predetermined value on the other hand, let a cooling 
water control valve be the minimum opening. 

[0010] Therefore, when [ that the temperature of the EGR gas introduced into the EGR path is high and ] 
there are many amounts, while recycling of EGR gas is stopped and the temperature up of cooling water 
is prevented, stripping of the heat of cooling water is carried out into atmospheric air because an internal 
combustion engine's cooling water flows an EGR path and an EGR gas condensator in large quantities, 
cooling water is cooled good, and overheat of an internal combustion engine is prevented suitably. 
[001 1] Moreover, when [ that the temperature of the EGR gas introduced into the EGR path is low and ] 
there are few amounts, EGR gas no longer being cooled with an internal combustion engine's cooling 
water, therefore the moisture in EGR gas condensing, and becoming waterdrop is lost, generation of a 
sulfuric acid is suppressed, and the corrosion of the wall of an EGR path is prevented suitably. 
[0012] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained based on a 
drawing. If drawing 1 is referred to, the outline block diagram of the exhaust gas recirculation (EGR 
equipment) carried in the car will be shown, and the configuration of the exhaust gas recirculation 
applied to this invention based on this drawing below will be explained. 

[0013] From the inlet manifold 2 connected to the suction port of an engine (internal combustion 
engine) 1, the inlet pipe 4 is prolonged and the air cleaner 6 is connected at the tip of this inlet pipe 4. 
Moreover, the intercooler 7 for cooling inhalation air is infixed in order to raise an inhalation-of-air 
consistency to an inlet pipe 4. On the other hand, from the exhaust manifold 8 connected to the exhaust 
air port of an engine 1, the exhaust pipe 10 is prolonged and the catalyst equipment 12 which purifies 
exhaust gas is infixed in this exhaust pipe 10. 

[0014] Moreover, a turbocharger 14 is infixed between an inlet pipe 4 and an exhaust pipe 10, and it is 
planned so that a turbine may rotate and an inhalation air content may increase with the pressure of 
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exhaust gas. Furthermore, between the inlet pipe 4 and the exhaust pipe 10, the recirculation -of-exhaust- 
gas unit (EGR unit) is prepared. That is, from the exhaust pipe 10, it branched and the EGR tubing 
(EGR path) 16 is prolonged, the tip is connected to an inlet pipe 4, and unification of a part of exhaust 
gas which flows the inside of an exhaust pipe 10 by this in an inlet pipe 4 is enabled as EGR gas. 
[001 5] EGR cooler (EGR gas condensator) 20 which cools the EGR gas other than the electromagnetic 
EGR valve (EGR control valve) 18 which controls the flow rate of EGR gas is infixed in the EGR 
tubing 16. And between the engine 1 and EGR cooler 20, the close side cooling water tubing (cooling 
water path) 26 and the appearance side cooling water tubing (cooling water path) 28 are passed, and 
after the cooling water for cooling an engine 1 is led to the cooling tank 22 in EGR cooler 20 through 
the close side cooling water tubing 26, it enables it to return to an engine 1 again through the appearance 
side cooling water tubing 28. 

[0016] That is, as shown in this drawing, as the EGR tubing 16 penetrates a cooling tank 22, it is 
running along the inside of EGR cooler 20, and cooling of the EGR gas which flows the inside of the 
EGR tubing 16 is enabled through the EGR tubing 16 with the cooling water filled by the cooling tank 
22. Thus, while the amount of EGR gas which the consistency of EGR gas becomes large and is 
introduced into a combustion chamber will increase as mentioned above if EGR gas is cooled, it is 
effective in combustion temperature falling and NOx decreasing further. 

[0017] In addition, even if the bore of the close side cooling water tubing 26 and the appearance side 
cooling water tubing 28 is the case where the maximum EGR gas flows the inside of the EGR tubing 16, 
let it be the magnitude which can secure the cooling water flow rate which fully cools this EGR gas. 
That is, these bores are set up so that the temperature efficiency eta later mentioned even if EGR gas is a 
peak ****** case may become equal to the predetermined value (default value) eta 0 mentioned later 
too at least. 

[0018] Moreover, the temperature sensor (1st EGR gas temperature detection means) 30 which detects 
the EGR gas temperature TA of the EGR cooler 20 upstream, respectively, and the temperature sensor 
(2nd EGR gas temperature detection means) 32 which detects the EGR gas temperature TB of EGR 
cooler 20 lower stream of a river are formed in the about 20 EGR cooler [ of the EGR tubing 16 ] part. 
And the electromagnetic cooling water valve (cooling water control valve) 40 which controls a cooling 
water flow rate is further infixed in the close side cooling water tubing 26, and the coolant temperature 
sensor (circulating-water-temperature detection means) 42 which detects the temperature TC of the 
cooling water discharged from EGR cooler 20, i.e., a circulating water temperature, is formed in the 
appearance side cooling water tubing 28. 

[0019] Moreover, as shown in this drawing, the engine rotation sensor 52 which detects an engine speed 
Ne based on a crank angle besides [ which detects the circulating water temperature Tw which flows the 
inside of an engine 1 ] a coolant temperature sensor 50 is formed in the engine 1 . In addition, if these 
water temperature sensor 50 and the engine rotation sensor 52 are the usual engines, generally it is 
attached. 

[0020] The electronic control unit (ECU) 60 performs various control of an engine 1 and a car, and 
consists of a CPU (central processing unit), various storage (ROM, RAM, etc.), a timer, etc. The above- 
mentioned temperature sensors 30 and 32, coolant temperature sensors 42 and 50, and the engine 
rotation sensor 52 are connected to the input side of ECU60, and the converter 72 and the various 
sensors which are not illustrated which change into an electrical signal further the opening information 
which is the treading-in degree of an accelerator pedal 70, and are made into the load information Lp on 
an engine 1 are connected to it. 

[0021] On the other hand, the various output units which are not illustrated besides the solenoid section 
19 of the above-mentioned EGR valve 18 and the solenoid section 41 of the cooling water valve 40 are 
connected to the output side of ECU60. The operation which relates to this invention of the exhaust gas 
recirculation constituted in this way hereafter, i.e., cooling control of EGR gas, is explained. 
[0022] If drawing 2 is referred to, the flow chart of the EGR gas cooling control routine in the exhaust 
gas recirculation concerning this invention will be shown, and it will explain along with this flow chart 
hereafter. At step S10, it distinguishes whether warming up was fully carried out after whether the 
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circulating water temperature Tw in an engine 1 being more than predetermined temperature Tl and an 
engine 1 starting. When judged with an engine 1 still not having a distinction result in standby in a false 
(No), next it progresses to step SI 2, and let opening Vw of the cooling water valve 40 be the minimum 
opening Vmin. By doing in this way, cooling water ceases to flow to an EGR cooler 20 side, and 
warming up of an engine 1 is promoted. 

[0023] When judged with an engine 1 having the distinction results of enough of step S10 in standby by 
truth (Yes), it progresses to step S14 next. At step S14, it distinguishes whether the circulating water 
temperature TC of EGR cooler 20 outlet is below the predetermined temperature (1st predetermined 
value) T2 (for example, 100 degrees C). When a circulating water temperature TC is larger than the 
predetermined temperature T2, while a distinction result progresses to step S16 next and makes opening 
Vw of the cooling water valve 40 the maximum opening Vmax in a false (No), the opening VEGR of 
the EGR valve 18 is changed into a close-by-pass-bulb-completely condition. 

[0024] that is, when a circulating water temperature TC is larger man the predetermined temperature T2 
Cooling water takes the heat of EGR gas, and is carrying out the temperature up superfluously, and it 
can judge with the situation which cannot fully cool an engine 1. In such a case While extracting the 
EGR valve 18, stopping circulation of EGR gas and cooling water's being made not to carry out a 
temperature up Stripping of the heat of the cooling water which introduced and carried out the 
temperature up of the cooling water to EGR cooler 20 in large quantities by considering the cooling 
water valve 40 as abbreviation full open is quickly carried out into atmospheric air through the close 
side cooling water tubing 26, the appearance side cooling water tubing 28, and EGR cooler 20, and 
cooling water is fully cooled. Thereby, overheat of an engine 1 is prevented. 

[0025] On the other hand, by truth (Yes), the distinction result of step S14 progresses to step SI 8 next, 
when a circulating water temperature TC is less than [ predetermined temperature T2 ]. At step SI 8, 
temperature efficiency eta is computed from a degree type (1) based on the above-mentioned EGR gas 
temperature TA and TB and a circulating water temperature TC. 

eta=(TA-TB)/(TA-TC) - (1) -- the cooling rate of EGR gas is so high that it is the index which shows 
the propagation degree of the heat from the EGR gas in this temperature efficiency eta 20, i.e., an EGR 
cooler, to cooling water and the value of temperature efficiency eta is close to a value 1 in this case — it 
can be rich and can make. 

[0026] And at the following step S20, it distinguishes whether the temperature efficiency eta computed 
at the above-mentioned step S 1 8 is more than predetermined value (default value) etaO. In addition, the 
predetermined value eta 0 is set as the value (for example, 0.9) which can reduce NOx efficiently 
beforehand. When temperature efficiency eta does not fulfill [ a distinction result ] the predetermined 
value eta 0 with a false (No), EGR gas is not fully cooled, but it considers that the cooling rate of EGR 
gas is small, and the opening Vw of the cooling water valve 40 is increased in the following step S22 in 
this case. By this, the quantity of a cooling water flow rate will be increased, the refrigeration capacity 
of EGR gas will improve, and temperature efficiency eta will rise towards the predetermined value eta 0. 

[0027] On the other hand, when the distinction result of step S20 is [ temperature efficiency eta ] more 
than predetermined value etaO in truth (Yes), in the following step S24, it distinguishes whether 
temperature efficiency eta is equal to the predetermined value eta 0. When the distinction result of 
temperature efficiency eta corresponds with the predetermined value eta 0 by truth (Yes), EGR gas is 
cooled good, it can judge with NOx being reduced efficiently, and the opening Vw of the cooling water 
valve 40 is held as it is in the following step S26. 

[0028] In a false (No), temperature efficiency eta progresses [ one side and the distinction result of step 
S24 ] to step S28 next, in being larger than the predetermined value eta 0. At step S28, it distinguishes 
whether the EGR gas temperature TB is more than predetermined temperature (2nd predetermined 
value) T3 (for example, 100 degrees C). When the EGR gas temperature TB does not fulfill 
predetermined temperature T3 with a false (No), it progresses to step S30 next in it, and a distinction 
result makes opening Vw of the cooling water valve 40 the minimum opening Vmin. 1 
[0029] That is, it can judge with there being a possibility that EGR gas serves as supercooling while the 
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cooling rate of EGR gas has highly good temperature efficiency eta, and the moisture contained in EGR 
gas may condense and it may have become water when the EGR gas temperature TB does not fulfill I 
predetermined temperature T3, and in such a case, the cooling water valve 40 is extracted, the \ 
installation to EGR cooler 20 of cooling water is stopped to it, and cooling of EGR gas is stopped to it. 
The SOx component contained in EGR gas melting into water, serving as a sulfuric acid (H2S04) by 
this, and adhering to the internal surface of the EGR tubing 16 is lost, and the corrosion of the EGR ^ 
tubing 16 is prevented. 

[0030] In addition, in this case, if you may make it stop the installation to EGR cooler 20 of EGR gas ^ 
and it is carried out in this way by making opening VEGR of the EGR valve 18 into a close-by-pass- 
bulb-completely condition, no sulfuric acid will no longer be generated and the corrosion of the EGR 
tubing 16 will be prevented much more suitably. On the other hand, by truth (Yes), the distinction result 
of step S28 progresses to step S32 next, when the EGR gas temperature TB is more than predetermined 
temperature T3, and it decreases the opening Vw of the cooling water valve 40. By this, a cooling water 
flow rate will be extracted, the refrigeration capacity of EGR gas will decline, and temperature 
efficiency eta will fall towards the predetermined value eta 0. i 
[0031] In addition, with the operation gestalt mentioned above, although he is trying for a temperature 
sensor 30, a temperature sensor 32, and a coolant temperature sensor 42 to detect the EGR gas 
temperature TA and TB and a circulating water temperature TC, respectively, about the EGR gas 
temperature TA, it is also detectable from the engine-speed information Ne from the engine rotation 
sensor 52, and the load information Lp based on actuation of an accelerator pedal 70 (1st EGR gas 
temperature detection means). 

[0032] That is, since EGR gas is a part of exhaust gas, it can presume easily the EGR gas temperature 
TA immediately after branching from an exhaust pipe 10 based on the combustion temperature 
determined as a reason from the load information Lp and the engine-speed information Ne. The map of 
the EGR gas temperature TA corresponding to an engine speed Ne and Load Lp as shown in drawing 3 
is specifically beforehand set up by experiment etc., in step SI 8 of the above-mentioned EGR gas 
cooling control routine, the EGR gas temperature TA is read from this map, and temperature efficiency 
eta is computed based on this value. 

[0033] Thereby, the same EGR gas cooling control as the above can be performed [ while lessening the 
number of temperature sensors and reducing components cost, and ], reducing a failure part and aiming 
at improvement in the dependability of equipment, without [ that is, ] forming a temperature sensor 30 
separately. 
[0034] 

[Effect of the Invention] According to the exhaust gas recirculation of claim 1, according to the 
temperature of the EGR gas before and behind EGR gas condensator passage, and the temperature of the 
cooling water which **** from an EGR gas condensator to an internal combustion engine, EGR gas can 
be appropriately cooled at the above explanation so that clearly, it is stabilized and generating of NOx 
can be suppressed low. 

[0035] Moreover, according to the exhaust gas recirculation of claim 2, recycling of the EGR gas can be 
cooled and carried out to the suitable temperature for NOx reduction, irrespective of an internal 
combustion engine's operational status, it is always stabilized and generating of NOx can be suppressed 
low. Moreover, when [ that the temperature of the EGR gas introduced into the EGR path is high and ] 
there are many amounts, while according to the exhaust gas recirculation of claim 3 stopping recycling 
of EGR gas and being able to prevent the temperature up of cooling water, stripping of the heat of 
cooling water is carried out into atmospheric air by pouring an internal combustion engine's cooling 
water in large quantities to an EGR path and an EGR gas condensator, cooling water can be made to 
cool good, and overheat of an internal combustion engine can be prevented suitably. 
[0036] Moreover, when [ that the temperature of the EGR gas introduced into the EGR path is low and ] 
there are few amounts, it can avoid making EGR gas cool with an internal combustion engine's cooling 
water, therefore as the moisture in EGR gas condenses and it does not become waterdrop, generation of 
a sulfuric acid can be suppressed, and the corrosion of the wall of an EGR path can be prevented 
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suitably. 



[Translation done.] 
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